Synaptic interactions involving acetylcholine, glutamate, and GABA in rat auditory cortex.
Using electrophysiological techniques in the in vitro rat auditory cortex, we have examined how spontaneous acetylcholine (ACh) release modifies synaptic potentials mediated by glutamate and gamma-aminobutyric acid (GABA). Single stimulus pulses to lower layer VI elicited in layer III a four-component (A-D) extracellular field response involving synaptic potentials mediated by glutamate and GABA. The cholinesterases inhibitor eserine (10-20 microM) or the cholinergic agonist carbachol (25-50 microM) depressed by 10-50% the glutamatergic components A and C, and the GABAergic components B and D. Atropine reversed the depressive effects of eserine and carbachol. A novel finding was that the degree of depression of component A varied inversely with stimulus intensity. However, during partial pharmacological antagonism of GABAA receptors, depression of A varied directly, not inversely, with stimulus intensity. Normally, then, depression of A is offset by reduced GABAergic inhibition of A. We also tested for differential depression of responses mediated by N-methyl-D-aspartate (NMDA) versus non-NMDA glutamate receptors. Following physiological and pharmacological isolation of the responses, eserine depressed the non-NMDA, but not the NMDA, receptor-mediated potential. Since the isolated NMDA potential still could be depressed by carbachol, the data suggested that activation of NMDA receptors may reduce spontaneous ACh release. In support of this, preincubation of slices in NMDA (10-20 microM) largely prevented eserine's, but not carbachol's, depression of components A and B. These results permit three conclusions of relevance to cortical information processing: (1) spontaneous ACh release tonically depresses synaptic potentials mediated by glutamate and GABA; (2) ACh depresses responses to weak inputs to a greater degree than responses to strong inputs: (3) activation of NMDA receptors may "feedback" to reduce ACh release, a mechanism that could place regulation of local ACh release under glutamatergic afferent control.